INTRODUCTION {#sec1-1}
============

Cardiac failure (CF) is a key public health condition which significantly impacts the sufferers regarding the quality of life (QoL) and cognition.\[[@ref1][@ref2]\] CF affects around 2% of the populace in the United States and is among the most common disorders of the cardiovascular system, it is in the third place.\[[@ref3][@ref4]\] The CF prevalence in India has been estimated to be 1.3--4.6 million, and 0.5--1.8 million is the yearly incidence.\[[@ref5]\] CF is associated with repeated in-patient admissions, decreased QoL, substantial morbidity, and more mortality.\[[@ref6][@ref7]\]

Impaired cognition led to poor outcome in CF patients.\[[@ref8]\] Dysfunctional cognition is seen in 15%--85% of patients with CF.\[[@ref9][@ref10][@ref11]\] In an earlier study by Trojano *et al*.,\[[@ref12]\] over 500 CF hospital in-patients were tested with a battery of seven neuropsychological tests. Significantly, lower scores were seen in the case group compared with the control group on at least three or more neuropsychological tests. CF patients have frequently shown impaired attention, executive function, memory, and psychomotor speed.\[[@ref13][@ref14]\] Several studies have found that impairment of cognition is linked to higher CF severity, greater CF duration, advanced age, and increased presence of comorbidity.\[[@ref15][@ref16][@ref17][@ref18]\] Patients\' reasoning and decision-making capabilities may be compromised due to this, which may lead to poor self-care ability.\[[@ref19]\] In India, there is a dearth of studies in this regard. With this background, we undertook this study to identify the impairment in cognition in congestive CF (CCF) patients and to compare them with equal number of healthy participants.

MATERIALS AND METHODS {#sec1-2}
=====================

Participants {#sec2-1}
------------

A case--control study was done using a convenience sampling. Participants diagnosed with CCF (*n* = 21) were recruited from the Department of Cardiology attached to Cardiac Care Center at Sri Ramachandra Institute of Higher Education and Research in Chennai. We approached 30 stable outpatients with severe CF (New York Cardiac Association Class III) to take part in our study. Nine of them declined, stating that they were unwilling to take part in the study, and the case group finally consisted of 21 individuals with CCF. We did the study from February 2016 to April 2016. Inclusion criteria were age being 40--65 years, presence of CF (New York Heart Association \[NYHA\] Class III) for a minimum 6 months before the study commencement and a minimum educational qualification of 8^th^ standard. Exclusion criteria were conditions whose role in causing impaired cognition is well established (e.g., current or past alcohol or other substance misuse, history of major mental or neurologic disease, kidney failure warranting dialysis, or terminal disease). We recruited healthy controls (*n* = 21), who were matched for age and sex, from among the families of CF patients and other volunteers. Among the control participants, there was no diagnosed heart disorder, history of cerebrovascular accident, and pulmonary or neurologic disease which may lead to brain dysfunction. Each participant in the control group was screened by the General Health Questionnaire-12-item version for the possible presence of psychological distress.\[[@ref20]\] Threshold marks of 2 and 3 were taken up to include and discard the controls from the study. We provided complete information to the participants in both groups and got their written consent at the commencement of our research. We obtained approval from the Institutional Ethics Committee of our institution.

Cognitive measurement {#sec2-2}
---------------------

The battery of neuropsychological assessments administered to the participants (both CF and controls) is sensitive to cardiovascular conditions.\[[@ref21]\] It took around 90 min to administer the battery to each participant. The validity and reliability of the battery are well established, and it has been shown to discriminate well the persons with normal cognition, mild cognitive impairment, and dementia. The battery included seven neuropsychological tests which measure six neuropsychological domains. Attention was assessed using the Digit-Span Subtest from the Wechsler Adult Intelligence Scale, 3^rd^ edition.\[[@ref22]\] We assessed the executive function using the Trail Making Test (TMT)-B\[[@ref23]\] and the Stroop Color- Word Test Part III.\[[@ref24]\] Working memory was assessed using the Spatial Span Subtest from the Wechsler Memory Scale, 3^rd^ edition.\[[@ref25]\] We assessed the psychomotor speed using the TMT-A.\[[@ref23]\] The Block Design Subtest from the WAIS-III was administered to assess visuospatial function.\[[@ref22]\] The information subtest from the Postgraduate Institute Battery of Brain Dysfunction was administered to assess language function.\[[@ref26]\] We administered the battery within one session, keeping in accordance with the prescribed standard method in the manual. The second author (SVR), with experience in neuropsychological testing, administered the assessment in a quiet room. The domains of cognition assessed, the neuropsychological assessments administered, and short explanations of the assessment tools are shown in[Table 1](#T1){ref-type="table"}.

###### 

Domains of cognition, neuropsychological tests, and test description

  Cognitive domain                      Neuropsychological tests                                                                                                                                                                                                                                                                                                                                                                                                                        Brief description
  ------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Attention                             Digit span                                                                                                                                                                                                                                                                                                                                                                                                                                      Participants are required to remember sequences of numbers that are presented vocally. The raw forward and backward spans are evaluated independently, and the total mark is converted to a scaled mark (possible forward mark 0-16; possible backward mark 0-14)
  Executive function                    TMT-B                                                                                                                                                                                                                                                                                                                                                                                                                                           Participants are required to join circles numbered and lettered in sequence, using a pencil, as quickly as they can (i.e., number-letter-number-letter). The duration(s) taken to finish the test is noted; greater marks (more duration) indicate impaired ability to shift between numbers and letters
  Stroop color-word test - part three   Participants are provided with a card printed with 100 color words presented in a random order; however, each word is written in a color of ink that is different from that reflected in the written word (e.g., blue printed in red ink, red printed in green ink). Participants' task is to inhibit the overlearned tendency to read the word and instead to name the color of ink each word is printed in. Interference mark is calculated   
  Working memory                        Spatial span                                                                                                                                                                                                                                                                                                                                                                                                                                    The spatial span board has ten dices, with numerals 1-10 on the sides of the dices which face the assessor. For the spatial span forward, the assessor taps the dices in an order, and the participants are asked to tap in the identical order. For spatial span backward, the examiner taps the dices in an order, and the participants are asked to tap in opposite sequence. For every trial, mark 1 point if the precise order is tapped. (possible forward mark 0-16; possible backward mark 0-16)
  Psychomotor speed                     TMT-A                                                                                                                                                                                                                                                                                                                                                                                                                                           Participants are required to use a pencil to connect circles with numbers displayed on a sheet as quickly as they can. The duration taken(s) to finish the task is noted; more marks (greater duration) shows slowed psychomotor speed
  Visuospatial function                 Block design                                                                                                                                                                                                                                                                                                                                                                                                                                    Participants are required to replicate models or pictures of two-color designs with blocks within a specified time limit. The time taken to complete each design is recorded. Total maximum mark is 68
  Language                              Information                                                                                                                                                                                                                                                                                                                                                                                                                                     Participants must answer orally to a succession of queries about factual information. Record verbatim of the participants' responses to each item. Total maximum mark is 33

TMT -- Trail Making Test

Analysis {#sec2-3}
--------

Data were analyzed using the Statistical Package for Social Sciences for Windows, version 16 (SPSS Inc., Chicago, III, USA). Student\'s *t*-test was employed to calculate the difference between the means. Statistical significance was fixed at *P* \< 0.05.

RESULTS {#sec1-3}
=======

[Table 2](#T2){ref-type="table"} shows the sociodemographic profile of the study participants.

###### 

Sociodemographic profile of the study sample

  Variables                 Group 1, *n* (%)   Group 2, *n* (%)
  ------------------------- ------------------ ------------------
  Age range (years)                            
   40-45                    2 (9.52)           2 (9.52)
   46-50                    1 (4.76)           1 (4.76)
   51-55                    6 (28.57)          6 (28.57)
   56-60                    6 (28.57)          6 (28.57)
   61-65                    6 (28.57)          6 (28.57)
  Gender                                       
   Males                    17 (80.95)         17 (80.95)
   Females                  4 (19.04)          4 (19.04)
  Education                                    
   Postgraduate             11 (52.38)         6 (28.57)
   Graduate                 4 (19.04)          11 (52.38)
   Higher secondary         4 (19.04)          1 (4.76)
   High school              2 (9.52)           3 (14.29)
  Occupation                                   
   Employed                 17 (80.95)         5 (23.81)
   Unemployed               \-                 \-
   Homemaker                3 (14.29)          13 (61.90)
   Retired                  1 (4.76)           3 (14.29)
  Marital status                               
   Single                   1 (4.76)           \-
   Married                  18 (85.71)         21 (100.00)
   Others                   2 (9.52)           \-
  Monthly income (rupees)                      
   10,000-20,000            1 (4.76)           \-
   20,000-40,000            9 (42.85)          4 (19.04)
   \>40,000                 11 (52.38)         17 (80.95)

Participants\' age ranged between 40 and 65 years. Participants\' mean age in both patient and control groups was 56.29 (standard deviation = 6.05) years. Most of the participants were males in both case and control groups (80.95%). There was an equal number of postgraduates and graduates in both patient and control groups (52.38%). Many patients were married (85.71%) and employed (80.95%). Regarding comorbidity, all the CF patients have hypertension (100%), followed by diabetes mellitus (81%) and obesity (19.04%).

[Table 3](#T3){ref-type="table"} shows the results of the neuropsychological assessment of both case and control groups. The two groups differed significantly in attention, executive function, working memory, psychomotor speed, and visuospatial ability. However, they did not differ significantly in language function.

###### 

Neuropsychological assessment results of case and control groups

  Cognitive domain (test used)   Cases (*n*=21)   Controls (*n*=21)   *t*             
  ------------------------------ ---------------- ------------------- ------- ------- -----------
  Attention                                                                           
   Digit-span test               7.33             2.10                14.14   3.46    7.69\*\*
  Executive function                                                                  
   Stroop test - part three      27.52            5.59                48.62   12.63   6.99\*\*
   TMT-B (time in seconds)       97.28            12.25               56.33   11.10   10.68\*\*
  Working memory                                                                      
   Spatial span test             9.57             2.33                16.81   2.85    8.98\*\*
  Psychomotor speed                                                                   
   TMT-A (time in seconds)       47.66            9.23                30.52   19.71   3.52\*\*
  Visuospatial ability                                                                
   Block design test             14.24            3.47                38.38   11.07   9.52\*\*
  Language                                                                            
   PGI - BBD                     29.57            3.34                30.14   3.02    0.58

\*\**P*\<0.01. SD -- Standard deviation; PGI -- Postgraduate institute; BBD -- Battery of brain dysfunction; TMT -- Trail Making Test

DISCUSSION {#sec1-4}
==========

Cognitive dysfunctions in CF are associated with various parts of the brain. In this study, CF patients have shown poor performance in attention, executive function, working memory, psychomotor speed, and visuospatial ability, except language function in various neuropsychological measures. Regarding attention and psychomotor speed, they have obtained low marks on digit-span test (immediate verbal recall) and TMT-A (psychomotor speed), respectively, indicating that CF patients have impaired attention and psychomotor speed. The above results are comparable to the findings of Gorkin *et al*.,\[[@ref27]\] who reported that participants with CCF have greater difficulty on digit-span and trail making-A tests. It can be explained that the CF patients\' deficits in cognition may be due to influences such as anxiety, medical comorbidities, and concomitant drug use which is unrelated to CCF presence.

The study group has obtained low marks on TMT-Part B (executive function) and Stroop test (response inhibition) than the healthy participants indicating that they have deficits in executive functions. In persons with CF, frontal lobe impairment is common, which may lead to impaired executive function. This manifests as trouble in organizing thought, framing and accomplishing goals, and problem-solving skills.\[[@ref28][@ref29]\] In the current study, CF patients have shown executive dysfunction which may lead to impairment of day-to-day functioning. The above finding is like the findings of other studies which reported that impaired cognition in persons with CF may lead to poor self-care\[[@ref19]\] and escalate the threat of mortality and inpatient admissions.\[[@ref30]\]

The results of the spatial span test have shown that CF patients have working memory difficulties. Effective working memory is essential for the integration of complex psychological activities such as planning, conceptual thinking, and ability to adapt.\[[@ref31]\] Prefrontal cortex participates in higher psychological functions. Dysfunctions in this region appear to be quite serious because it can have significant influence on ability to understand and follow medical recommendations.

Our finding of problems in recognizing the clinical manifestations leading to frequent inpatient admissions when the disease relapses are similar to the findings of other researchers.\[[@ref32]\]

The persons with CF in our study have shown deficits in attention, psychomotor speed, and executive functions. Impairments in these domains compromise the capability of persons with CF to adhere to complicated treatment regimens, salt-restricted diet, and for taking adequate care of themselves.\[[@ref15][@ref33]\] Self-care is a dynamic process of decision-making directed toward the maintenance of health by being compliant to medicines and dietary advice, managing and recognizing symptoms, enactment of alterations in case of deteriorating, and evaluating right personal behaviors. Deciding on matters related to self-care is the function of the prefrontal, frontal, and temporal cortex that is often compromised in participants with CF. Our findings indicate that the participants with CF have shown difficulties in self-care. This is consistent with the findings of the past investigators.\[[@ref34]\]

The study group has obtained low marks on the block design test which measures the visuospatial ability. It agrees with the study done by Kindermann *et al*.,\[[@ref35]\] among this population. Navigation and topographical orientation deficits and problems in dressing, recognition of known faces, or grasping things are common manifestations of visuospatial deficits. Areas of parietal lobes, occipital cortex, lateral prefrontal cortex, medial and inferior temporal cortex, basal ganglia, and white matter tracts are involved in visuospatial ability. In this study, patients with CF have shown difficulties in visuospatial ability which may contribute to decreases in self-care and less compliance to treatment and managing self-care, which agrees fine with earlier reported studies.\[[@ref36]\]

Language function was not significantly different between the two groups. It is possible that the measure used in this study to assess the language function was not challenging enough to detect the differences among cases and controls. The findings of the present research are consistent with earlier researches on cognitive performance of CF patients.\[[@ref17]\]

Several researchers have studied the relationship between CF severity and impairment of cognition.\[[@ref12][@ref37]\] In the current study, individuals with CF (NYHA Class III) have shown deficits in various domains which are in line with other studies.\[[@ref37]\]

Study implications {#sec2-4}
------------------

This is a pioneering research from this region of India to evaluate the cognition of CF patients. The results of this research have vital clinical implications. CF is a multifaceted illness to manage because it involves decision-making of high level and symptom cognizance. Within 30 days of discharge, one-fourth of the persons with CF are readmitted\[[@ref38][@ref39]\] because of reduced cognizance of poor symptom status.\[[@ref40]\] It is possible that increased rate of inpatient admission and trouble in the management of symptoms of CF are related to cognition deficits. The findings of this research powerfully support the utility of screening of cognition in clinical settings. Further research is required to find the cause of the impairment of cognition so that it can be prevented.

Limitations {#sec2-5}
-----------

The sample size is small in this study comprised only stable outpatients with CF. Confounders could be concomitant medical illnesses which might impair cognition. CF patients commonly have comorbidities such as systemic hypertension and diabetes mellitus which are considered as risk factors. Several studies reported that hypertension could induce specific harmful effects in the frontal cortex, which is responsible for executive functions,\[[@ref41]\] while other studies found an association between impaired cognition and compromised glucose metabolism and Type II diabetes.\[[@ref42]\] CF patients have both hypertension and diabetes, and they have shown poor cognitive performance on various neuropsychological measures.

Future studies with large samples involving the comparison of the cognitive profile of individuals with diastolic and systolic dysfunction can be studied. Essentially, forthcoming research might be directed toward the determination of the biological processes involved in poor cognition in CF patients.

CONCLUSIONS {#sec1-5}
===========

We found impairment of cognition in the domains of attention, executive functions, working memory, psychomotor speed, and visuospatial ability in patients with CCF.
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